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FOREWORD

One of the challenges faced by the Nation is the development of reliable 
information that will guide the protection of our water resources. That challenge is being 
addressed by Federal, State, interstate, and local water-resource agencies and by academic 
institutions. Many of these agencies are collecting water data for many different purposes, 
including compliance with permits and water-supply standards; development of remedi 
ation plans for specific contamination problems; operational decisions on industrial, 
wastewater, or water-supply facilities; and research on water quality and quantity. The 
need for information of regional and national scope on the status and causes of current 
water-quality conditions and trends is prominent. Without this information, policy 
decisions may be based on information from only a few localized problems. Conversely, 
a lack of information may lead to a false sense that some problems do not exist. In the past 
two decades, billions of dollars have been spent on water-quality data-collection 
programs. However, only a small part of the data collected for these programs has been 
obtained specifically to assess the status, trends, and causes of ambient water-quality 
conditions at regional and national scales. In some instances, the utility of these data for 
present and future regional and national assessments is limited by such factors as the areal 
extent of the sampling network, frequency of sample collection, and the types of 
water-quality characteristics determined.

Water-quality data collected for permits and for compliance and enforcement 
purposes constitute a sizable source of information that may be suitable for regional and 
national assessments. However, such data need to be carefully screened before use. The 
needs, uses, and types of water-quality data vary widely, and data collected for one 
purpose are not necessarily suitable for other purposes. In fact, the use of unsuitable data 
in regional or national assessments may be much worse than a lack of information because 
the use of such data may lead to incorrect conclusions having far-reaching consequences.

Accordingly, the U.S. Geological Survey, with cooperation from other agencies and 
from universities, has undertaken a three-phase study in Colorado and Ohio to determine 
the characteristics of existing Federal and other public-agency water-quality data- 
collection programs and to evaluate the suitability of the data bases from these programs 
for use in water-quality assessments of regional and national scope. This report describes 
results of the third and final phase of this study. This study does not imply that past and 
present data-collection programs have failed or that they are inappropriate for their 
intended purposes. The data from those programs may fully meet individual agency needs 
and fulfill their mandated requirements, yet they may have only limited relevance to 
water-quality questions of regional and national scope.

This study has depended considerably on cooperation and information from many 
Federal, State, regional, and local agencies and academic institutions. The assistance and 
suggestions of all are gratefully acknowledged.

Philip Cohen 
Chief Hydrologist

Foreword III



CONTENTS
Executive summary Cl 
Introduction C4

Project objectives and approach C5 
Summary of phase I and phase II C5 

Phase I C6 
Phase II C6

Purpose and scope of report C8
Methods of acquiring, compiling, and evaluating information C9 
Design considerations of water-quality assessments C9 

Goals and objectives Cll 
Spatial and temporal scales Cll 
Ancillary information C13 
Location of sampling sites CIS 

Surface water C15 
Ground water C16

Statistical tests and other analytical methods C16 
Estimation of mean concentrations C16 
Estimation of loads C17 
Estimation of long-term trends CIS

Frequency, duration, and uniformity of sample collection C19 
Evaluation of existing data for regional ambient water-quality assessment C20 

Current water-quality conditions C20 
Surface water C20

Areal distribution of sites C21 
Number of analyses C21
Areal distribution of sites with suitable data for current conditions 
assessment C22 
Loads C24 

Ground water C24
Areal distribution of sites C25 
Aquifer characteristics and water use C26 

Trends in water quality C29 
Surface water C29

Sites with suitable data for trend analysis C29 
Areal distribution of sites C29 

Ground water C29 
Implications of study results C32 
Selected references C44

FIGURES

1. Diagram showing process used to inventory and screen data for regional-scale 
ambient water-quality assessments in Colorado and Ohio C9

2. Graphs showing relation between streamflow and concentrations of dissolved 
solids and total phosphorus C14

Contents



3. Graphs showing changes in surface-water and water-quality data over
different time periods C20 

4-15. Maps showing:
4. Location of surface-water sampling sites yielding data that met Phase II 

screening criteria, water years 1980 through 1984, Colorado C20
5. Location of surface-water sampling sites yielding data that met Phase II 

screening criteria, water years 1980 through 1984, Ohio C22
6. Location of surface-water sampling sites with 10 or more observations 

and concurrent streamflow data, water years 1980 through 1984, 
Colorado C23

7. Principal river basins and related surface-water resources development in 
Colorado C25

8. Surface-water withdrawals by county, Colorado, 1985 C26
9. Location of surface-water sampling sites with 10 or more analyses and 

concurrent streamflow data, water years 1980 through 1984, 
Ohio C27

10. Surface-water withdrawals by county, Ohio, 1980 C28
11. Location of ground-water sampling sites, water years 1980 through 

1984, Colorado C29
12. Location of ground-water sampling sites, water years 1980 through 

1984, Ohio C32
13. Principal aquifers in Colorado C33
14. Areal distribution of major ground-water withdrawals, 1980, 

Colorado C34
15. Principal aquifers in Ohio C35 

16. Graphs showing areal distribution of major ground-water withdrawals,
Ohio C38 

17-22. Maps showing:
17. Location of surface-water sampling sites, water years 1977 through 

1984, Colorado C39
18. Location of surface-water sampling sites, water years 1977 through 

1984, Ohio C41
19. Surface-water sites yielding data suitable for determining changes in 

water quality, water years 1977 through 1984, Colorado C42
20. Surface-water sites yielding data suitable for determining changes in 

water quality, water years 1977 through 1984, Ohio C43
21. Location of ground-water sampling sites with 5 or more years of data, 

water years 1972 through 1984, Colorado C44
22. Location of ground-water sampling sites with 5 or more years of data, 

water years 1972 through 1984, Ohio C45

TABLES

El. Summary of Phase III results C3
1. Summary of Phase I statistics C7
2. Summary of Phase II statistics C8
3. Selected water-quality issues, causative factors, related policy and legislation, and 

related water-quality constituents and properties CIO
4. Water-quality issues and related water-quality constituents selected for evaluation 

in Phase III for Colorado and Ohio Cll

VI Contents



5. Relative sampling requirements for various water-quality assessment 
objectives C12

6. Goals and objectives of regional-scale ambient water-quality assessments C12
7. Examples of water-quality assessments at different spatial and temporal 

scales C13
8. Number of surface-water sites yielding streamflow data and ranges of 

observations of selected constituents for water years 1980 through 1984 in 
Colorado and Ohio C21

9. Number of sites in major river basins with 10 or more analyses and concurrent 
streamflow information for selected constituents, water years 1980 through 1984, 
Colorado C24

10. Number of sites in major river basins and hydrologic subregions with 10 or more 
analyses and concurrent streamflow information for selected constituents, water 
years 1980 through 1984, Ohio C24

11. Principal aquifers and number of sampling sites per aquifer, water years 1980 
through 1984, Colorado C30

12. Principal aquifers and number of sampling sites per aquifer, water years 1980 
through 1984, Ohio C36

13. Number of surface-water sites yielding data potentially suitable for determining 
trends in selected constituent concentrations, water years 1977 through 1984, 
Colorado and Ohio C40

14. Number of ground-water sites yielding data potentially suitable for determining 
trends in selected constituent concentrations, water years 1972 through 1984, 
Colorado and Ohio C40

CONVERSION FACTORS

For the benefit of readers who prefer to use metric (International System) units, conversion factors for 
inch-pound units used in this report are listed below:

Multiply inch-pound unit By To obtain metric unit

acre-foot (acre-ft)

cubic foot per second (ft3/s)

foot (ft)

foot squared per day (ft2/d)

gallon per minute (gal/min)

inch (in)

mile (mi)

million gallons per day (Mgal/d)

square mile (mi2)

ton per day (ton/d)

1,233 cubic meter (m3)

2832 liter per second (L/s)

0.3048 meter (m)

0.09290 meter squared per day (m2/d)

0.06809 liter per second (L/s)

25.4 millimeter (mm)

1.609 kilometer (km)

0.04381 cubic meter per second (m3/s)

2.590 square kilometer (km2)

0.0105 kilogram per second (kg/s)

Contents VII



Water-Quality Data-Collection Activities in 
Colorado and Ohio: Phase III Evaluation of 
Existing Data for Use in Assessing Regional 
Water-Quality Conditions and Trends

By}. Michael Morris, Janet Hren, Donna N. Myers, Thomas. H. Chaney, 
and Carolyn J. Oblinger Childress

EXECUTIVE SUMMARY

During the past several years, a growing number of 
questions have been raised by members of Congress and 
others about current water-quality conditions in the Nation, 
trends in water quality, and the major factors that affect 
water-quality conditions and trends. One area of particular 
interest and concern has been the suitability of existing 
water-quality data for addressing these types of questions at 
regional and national scales. In response to these questions 
and concerns, the U.S. Geological Survey began a pilot 
study in Colorado and Ohio to determine (1) the char 
acteristics of current water-quality data-collection activities 
of Federal, State, regional, and local agencies and univer 
sities and (2) how well the data from these activities, 
collected for various purposes and using different pro 
cedures, can be used to improve our ability to address the 
aforementioned questions.

Colorado and Ohio were chosen for the pilot study 
because they represent regions with different types of 
water-quality issues and programs. The results of the study 
are specific to the two States and are not intended to be 
extrapolated to other States.

The study was divided into three phases whose objec 
tives were:
Phase I Identify and inventory 1984 water-quality data- 

collection programs, including costs, in Colorado and 
Ohio, and identify those programs that meet a set of broad 
criteria for producing data that potentially are appropriate 
for water-quality assessments of regional and national 
scope.

Phase II Evaluate the quality assurance of field and 
laboratory procedures used to produce the data from 
programs that met the broad criteria of Phase I. 

Phase III Compile the qualifying data from Phase II and 
evaluate the extent to which the resulting data base may 
be used to address selected water-quality questions for 
the two States.

This report presents the results of Phase HI, focusing 
on (1) the number of measurements made at each data- 
collection site for selected constituents, (2) the areal distri 
bution of those sites that have sufficient data for selected 
types of analyses, and (3) the availability of key ancillary 
information, such as streamflow, to address the broad-scope 
questions:

1. What are existing water-quality conditions?
2. Has the water quality changed?, and
3. How do existing water-quality conditions and 

changes in these conditions relate to natural factors 
and the activities of man?

In Phase I of this study, an inventory was made of all 
public organizations and academic institutions that had 
water-quality data-collection activities in Colorado and 
Ohio in 1984. Characteristics of each water-quality data- 
collection program were compared against five screening 
criteria:

1. Do the data represent ambient stream or aquifer 
conditions, as opposed to effluent or treated water?

2. Are the data available for public use?
3. Can the sampling sites be readily located?

Phase III Evaluation of Existing Data C1



4. Is quality-assurance documentation available?, and
5. Are the data in computer files?

Of the funds spent in 1984 on water-quality data- 
collection activities in the two States, probably less than half 
of the funds in Colorado and perhaps as little as one-tenth of 
the funds in Ohio were applied to activities that produced 
data suitable for use in addressing water-quality questions 
of regional and national scope under the above criteria. 
Although qualifying programs included both surface- and 
ground-water sampling, they emphasized surface water and 
produced few ground-water analyses. The most commonly 
collected data were for constituents and properties used to 
provide a gross measure of water quality, such as dissolved 
solids, dissolved oxygen, suspended sediment, and nutri 
ents. Thus, the data bases contain a relatively large number 
of analyses useful in addressing issues of long-standing 
concern, such as salinity, sedimentation, sanitary quality, 
and eutrophication. The fewest analyses were for trace 
constituents, such as lead, phenol, and uranium. As a result, 
the data bases contain relatively few analyses for constit 
uents needed to address issues of more recent concern, 
including contamination of water by potentially toxic 
organic compounds and trace metals.

In Phase II, information about field and laboratory 
practices was provided by each organization and its sup 
porting laboratories and compared to a set of criteria 
developed from guidelines published by public agencies and 
professional organizations. Few of the analyses inventoried 
in Phase I of the study met all the screening criteria for both 
Phase I and Phase II. For both States, fewer than 15 percent 
of the analyses met the screening criteria judged necessary 
for the data to be included in a consistent data base suitable 
for addressing broad-scope water-quality questions. The 
screening criteria pertaining to field practices had a much 
greater effect on limiting the number of analyses that passed 
the Phase n screen than did the laboratory-practices criteria. 
Compared to all other criteria, the representative-sampling 
criterion was met by the smallest percentage of analyses. 
Analyses that failed this criterion were from stream samples 
that could not be verified as being representative of the 
entire cross section. Generally these were point (or "grab") 
samples, that is, samples collected from a single point near 
the water surface. In contrast, most of the analyses in both 
States met each of the laboratory-practices criteria.

In Phase HI, 12 of the 20 constituents evaluated in 
Phase n were selected for further evaluation. For those 
constituents included in the surface-water and ground-water 
parts of the assessment, data that met the criteria for Phase 
I and Phase n were obtained for water years 1977 through 
1984 and water years 1972 through 1984, respectively. 
Water year 1977 was used as the beginning of the surface- 
water data-analysis period because depth-width integrating 
sample-collection method equipment became commonly 
available at that time; this method generally is considered 
the best for sample collection at poorly mixed sites or at

sites where the mixing characteristics are unknown. Water 
year 1984 is used as the end date because that was when the 
Phase I data were obtained. Water year 1972 was used for 
the beginning period for ground-water data analysis because 
the Clean Water Act of 1972 began then to provide 
guidance for protecting water quality. Major results of 
Phase HI of this study are summarized below and in 
table El.

1. Number of measurements at each data-collection 
site One factor that has a large effect on the utility of 
existing surface-water data for meeting the goals and 
objectives of ambient water-quality assessments is the 
number of measurements made at each of the data- 
collection sites. Single, or few, measurements at sites often 
are adequate for describing current ground-water-quality 
conditions and are useful for reconnaissance-level assess 
ments of streams. However, because of the large variations 
in water quality that may occur in streams, many measure 
ments may be needed to develop an understanding of 
seasonal variations and long-term trends in water-quality 
conditions at a particular site. Although there is no single 
frequency of sampling or number of measurements that is 
ideal for all conditions, as a general guide, 10 surface-water 
analyses for the period 1980-84 were considered the mini 
mum number of measurements needed to define existing 
surface-water-quality conditions. In contrast, because the 
quality of ground water tends to change more slowly than 
the quality of surface water, only one ground-water obser 
vation for the period 1980-84 was considered necessary to 
define existing ground-water-quality conditions. For the 
different constituents evaluated, on average, 123 (26 per 
cent) of the surface-water-quality data-collection sites that 
met the Phase n criteria in Colorado and 36 (12 percent) of 
the sites that met the same criteria in Ohio yielded 10 or 
more analyses for the period 1980-84 for existing con 
ditions analyses (see table El, section B). All ground- 
water-quality data-collection sites that met the Phase II 
criteria that yielded at least one analysis are considered 
suitable for defining existing ground-water-quality condi 
tions. Of the constituents evaluated, an average of 36 
(6 percent) of the surface-water-quality data-collection sites 
in Colorado and 17 (4 percent) of the same type sites in 
Ohio had concurrent streamflow data and at least quarterly 
water-quality measurements that were collected over a 
5-year period and thus were useful for trend analysis (see 
table El, section D). For ground-water trend analysis for the 
constituents evaluated, on average, 10 (1 percent) of the 
ground-water-quality data-collection sites in Colorado and 
23 (13 percent) of the same type sites in Ohio yielded at 
least one water-quality measurement per year for 5 years 
during the period of 1972-84 (see table El, section F).

2. Areal distribution of data-collection sites In 
both Colorado and Ohio, most data-collection sites with an 
adequate number of measurements tend to be clustered in 
relatively small areas with known or suspected water-

C2 Water-Quality Data Collection Activities in Colorado and Ohio



Table El. Summary of Phase 111 results

Colorado Ohio
Selected data Num 

ber
Percent- Num- 

age 5 her
Percent 

age 5

Average 1 numbers of surface-water-quality 
data-collection sites that met Phase II 
criteria.

1980-84 2                       473 100 294 100 
1977-84 3                      565 100 456 100 

Average numbers and percentages of sites that 
met Phase III criteria 
A. Concurrent streamflow data

1 O O A Q /. Q £ £ "7 £ O/i*7 Q/i lyOv OH O3U ID ^H/ OH
1 Q "7 "7 ft /.   ...... ...... ...... R *> Q Q Q A A Q Q ft1:7 / / OH J^O -7O HHO yo

B. Concurrent streamflow data and 10 or 
more water-quality measurements

1 O Q A ft /. _ __.. _ __ 1 O Q 9 £ Q £ 19 1I7OU OH              ......__.... .......... .. l^O ^D JO 1^

1977-84                       122 22 36 8 
C. Daily streamflow data and 10 or more 

water-quality measurements
1980-84                       105 22 30 10 

D. Concurrent streamflow data and at least 
quarterly water-quality measurements 
collected over 5 years.
1977-84                       36 6 17 4 

E. Average numbers and percentages of
ground-water-quality data-collection 
sites that met Phase II criteria.
1980-84                       145 100 76 100
1Q77-QA---................................................... 1 1Q7 1 HH 17^ 1 flflX-///Otr A j A I/ / A ww A / *J AW

F. Average numbers and percentages of
ground-water-quality data-collection 
sites that met Phase II criteria with 
at least 1 water-quality measurement 
per year for 12 years

1Q7Q_R/|4____________________________ 1 A 1 OO 19
X y I £. OH 1 \J 1 £*-j L-J

1The information in this table represents average numbers and percentages 
of data-collection sites sampled for 12 of the constituents evaluated in 
Phase II of this study. Constituents selected for evaluation in Colorado 
included dissolved solids, suspended sediment, and dissolved oxygen for 
surface water and dissolved solids, total-coliform bacteria, nitrate as 
nitrogen, and uranium for ground water. Constituents selected for evaluation 
in Ohio included dissolved oxygen, total phosphorus, total-recoverable lead, 
suspended sediment, and fecal-coliform bacteria for surface water and phenols, 
nitrate as nitrogen, total-recoverable iron, and total-recoverable manganese 
in ground water.

2 1980-84--period used for describing existing conditions for surface 
water.

3 1977-84--period during which depth-integrated sampling has been used to 
collect surface-water samples for trend analysis.

4 1972-84--Period after passage of Clean Water Act (PL 92-500) was used 
for analysis of ground-water trends.

Percentage of sites meeting specific criteria that met Phase II 
criteria.

quality problems and (or) high water use. In Colorado, for 
example, most of the surface-water-quality data-collection 
sites yielding data on streamflow and 10 or more obser 
vations of dissolved-solids and suspended-sediment concen 
trations are clustered in the northwestern part of the State. 
These sampling locations were placed in response to con 
cerns about salinity levels in the Colorado River and the 
effects of mining. In Ohio, the largest number of sites

yielding streamflow data and 10 or more observations of 
total phosphorus are in the Lake Erie basin, which is densely 
populated and is an area of relatively high water use. In both 
States, the ground-water data-collection sites are clustered 
in areas of high water use.

3. Availability of ancillary data In addition to 
water-quality data, other types of information are needed in 
an assessment to standardize data for comparison or to help

Phase III Evaluation of Existing Data C3



explain assessment results. For example, streamflow data 
are needed for most surface-water-quality assessments 
because the concentrations of many constituents are 
affected by changes in streamflow. For the constituents 
evaluated in this study, more than 85 percent of the 
surface-water sites meeting the Phase n criteria also had 
concurrent streamflow data. If the objectives of an assess 
ment include determining the cause(s) of certain conditions, 
other types of ancillary data may be needed. For example, 
two other types of information commonly used to help 
explain variations in water-quality data are geology and 
land use. In general, data for most supporting information 
commonly used in water-quality assessments (streamflow, 
geology, land and water use, and soil characteristics) are 
available and suitable for large-scale, regional assessments. 
Except for streamflow data, however, most of these data are 
not available in computer files. The utility of these data for 
testing hypotheses of cause and effect would be improved if 
these data were in digital format so that comparisons could 
be made using the computer.

4. Conclusions Major conclusions about the 
extent to which existing water-quality data can be used to 
address selected water-quality questions for Colorado and 
Ohio are presented below.

A. Suitability of existing data for describing existing 
water-quality conditions For both Colorado and Ohio, the 
types of data and the number and areal distribution of 
surface- and ground-water-quality data-collection sites are 
insufficient for describing existing water-quality conditions 
throughout each State. The largest amounts of data available 
(about 90 percent) are for surface water.

For both surface and ground water, too few data are 
available for either trace elements or organic compounds to 
provide reliable estimates of their occurrence and distri 
bution. In some areas of both States, the number and 
distribution of data-collection sites with concurrent stream- 
flow data and 10 or more water-quality measurements is 
sufficient to provide useful information on the spatial and 
short-term temporal variation of selected water-quality 
constituents useful in addressing issues of long-standing 
concern such as salinity, sedimentation, and eutrophication. 
These areas usually have known or suspected water-quality 
problems and have high water use or large populations. A 
similar number and distribution of stream sites yielding 
daily streamflow data and 10 or more water-quality 
measurements are available to estimate loads of water- 
quality constituents (table El, section B).

B. Suitability of existing data for determining changes in 
water quality For the constituents studied, less than 10 
percent, on average, of the surface-water-quality data- 
collection sites in both Colorado and Ohio yield sufficient 
data for determining changes in water-quality conditions 
(table El, section D). In Colorado, the number and location

of these sites in the northwestern part of the State are 
suitable for detecting changes but there probably are too few 
sites in other parts of the State. In Ohio, there seem to be an 
adequate number of sites on major tributaries to Lake Erie 
and the Ohio River. With the exception of sites monitored 
for dissolved oxygen, however, there probably are too few 
in the central part of Ohio for determining changes in water 
quality.

On average, only 10 (1 percent) of the ground-water-quality 
data-collection sites in Colorado and only 23 (13 percent) of 
the sites in Ohio yield sufficient data for determining 
changes in water quality (table El, section E). Most of these 
sites are clustered in small areas and provide only limited 
understanding of regional changes in water quality.

C. Suitability of existing data for determining the rela 
tions of current water-quality conditions and changes in 
these conditions to natural factors and human activities  
The use of existing water-quality data in Colorado and Ohio 
for determining relations between water quality and natural 
factors and human activities generally is limited to 
relatively small stream segments, parts of river basins, and 
parts of aquifers, where the spatial density of sampling sites 
and number of observations at these sites is suitable for 
providing reliable estimates of descriptive statistics for 
concentrations, loads, and trends. In general, these areas 
reflect sampling by Federal, State, and local agencies in 
response to known or suspected water-quality problems, 
legislation, or treaty obligation. Ancillary data suitable for 
addressing regional-scope questions generally are available, 
but their utility would be enhanced if more of these data 
were in digital format so that comparisons could be 
accomplished by computer.

INTRODUCTION

National awareness of the importance of clean water 
has greatly increased during the past two decades. 
Environmental laws that have been passed addressing issues 
associated with protecting water quality include the Clean 
Water Act (1972, amended 1977, 1981, and 1987); the Safe 
Drinking Water Act (1974, amended 1986); the Resource 
Conservation and Recovery Act (1976); the Toxic Sub 
stances Control Act (1976); the Surface Mining Control and 
Reclamation Act (1977); and the Comprehensive Environ 
mental Response, Compensation, and Liability Act (1980). 
In addition, Federal, State, and local agencies and industry 
have made substantial commitments to the protection of 
water quality. Expenditures for water-pollution abatement 
and control during the 1970's have been estimated at more 
than $100 billion (Conservation Foundation, 1982, p. 32- 
35). Water-quality data-collection programs have accounted 
for several billions of dollars during the past two decades. 
The purposes of these programs include assessing com 
pliance with criteria and standards, establishing baseline
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conditions, and determining long-term trends. As a result of 
these programs, a large amount of water-quality data has 
been generated by a diverse group of organizations for 
widely differing purposes under varying collection condi 
tions and quality control.

Questions have been raised by Congress about the 
usefulness of these water-quality data for addressing issues 
of regional and national scope and, especially, for charac 
terizing the current quality of the Nation's surface and 
ground water (Blodgett, 1983). In spite of the large amounts 
of data being compiled, it has been difficult to make a 
reliable assessment of regional and national water-quality 
conditions. One reason for this is that water-quality data 
obtained specifically for broad-scope assessments constitute 
a relatively small part of the total available water-quality 
data. Water-quality data collected for other purposes 
constitute a sizable potential source of additional data for 
application to regional and national assessments, but the 
suitability of these data must be carefully evaluated. The 
needs, uses, and types of water-quality data differ greatly, 
and data collected for one purpose are not necessarily 
suitable for other purposes. If data from different programs 
are to be aggregated, it is important to ensure that available 
data have been produced with comparable sample- 
collection and analysis methods. In fact, the use of 
unsuitable data in regional or national assessments may be 
much worse than a lack of data because it may lead to 
incorrect conclusions having far-reaching consequences.

Sufficient information has not been available to 
determine the benefits and problems associated with 
aggregating available water-quality data for regional and 
national assessments. Consequently, the U.S. Geological 
Survey has undertaken a study of water-quality data 
collected by various agencies and academic institutions in 
Colorado and Ohio to determine the suitability of these data 
for use in water-quality assessments of regional and national 
scope.

Project Objectives and Approach

The objectives of this study were to: (1) determine 
the characteristics of recent (1984) water-quality data- 
collection activities of Federal, regional, State, and local 
agencies and universities; and (2) determine the extent to 
which the data from these activities, collected for various 
purposes and using different procedures, can be used to 
improve our ability to address broad-scope questions, such 
as:

1. What are existing water-quality conditions?
2. Has the water quality changed?
3. How do existing water-quality conditions and 

changes in these conditions relate to natural factors 
and the activities of man?

A three-phase approach was used; the objectives of 
these phases were:

Phase I Identify and inventory water-quality data- 
collection programs, including costs, in Colorado and 
Ohio, and identify those programs that meet a set of 
broad criteria for producing data that potentially are 
appropriate for water-quality assessments of regional and 
national scope.

Phase II Evaluate the quality assurance of field and 
laboratory procedures used to produce the data from 
programs that met the broad criteria of Phase I. 

Phase III Compile the data that qualified from Phase II 
and evaluate the extent to which the resulting data base 
can be used to address selected water-quality questions 
for the two States.

Two States, Colorado and Ohio, were chosen to serve 
as a small sampling of the Nation. These States represent 
regions with different types of water-quality issues and 
programs.

Colorado has a population of about 3 million (U.S. 
Bureau of the Census, 198la). It is a lightly industrialized 
western State, and 36 percent of its land is federally owned 
(U.S. Bureau of Land Management, 1983). During 1980, 
freshwater withdrawals in Colorado averaged 16 billion 
gallons per day (81 percent surface water, 19 percent ground 
water) for public supply, rural domestic, livestock, indus 
trial, and irrigation uses (Solley and others, 1983, p. 38). 
Eighty-eight percent of this water was used for irrigation 
and 6 percent for industry (including thermoelectric and 
other industrial cooling uses). Major water-quality concerns 
in Colorado include salinity from natural sources and from 
irrigation-return flows, contamination by potentially toxic 
trace elements from mining, sedimentation from land 
disturbances such as mining and agriculture, and the sani 
tary quality of surface- and ground-water supplies.

Ohio has a population of about 10.8 million (U.S. 
Bureau of the Census, 198Ib). It is an industrialized east 
ern State with only about 1 percent federally owned lands 
(U.S. Bureau of Land Management, 1983). Freshwater 
withdrawals in 1980 averaged 14 billion gallons per day (93 
percent surface water, 7 percent ground water) (Solley and 
others, 1983, p. 38). Eighty-six percent of the water was for 
industry (including thermoelectric and other industrial- 
cooling uses). Less than 1 percent of the water was used for 
irrigation. Major water-quality concerns in Ohio include 
contamination by potentially toxic trace elements and syn 
thetic organic substances associated with industrial or 
municipal-waste discharge; sedimentation from land dis 
turbances such as mining, agriculture, and other activities; 
and the sanitary quality of surface- and ground-water 
supplies.

Summary of Phase I and Phase II

Water-quality data are collected in Colorado and 
Ohio by a large number of organizations for diverse 
purposes that range from meeting statutory requirements to
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research on water chemistry. Combining these individual 
data bases could be an efficient and potentially cost- 
effective way to assess regional and national water-quality 
conditions. However, to accomplish this goal, data need to 
be applicable to the particular issues or questions of interest 
(for example, toxic contamination and sedimentation); these 
data need to be readily available; and the field and 
laboratory procedures used to produce these data need to be 
comparable and meet specific quality-assurance criteria. 
These factors were evaluated in Phase I and Phase II of this 
study.

Results of Phase I of this study are presented in Hren 
and others (1987), and results for Phase II are presented in 
Childress and others (1989). Major results from Phase I and 
Phase II are summarized in tables 1 and 2 of this report and 
are discussed below.

The information presented in table 1 represents the 
sums of samples analyzed for groups of constituents and 
properties (for example, nutrients, trace elements, and so 
forth). These sums represent all samples inventoried in 
Phase I, including the numbers of samples associated with 
both ambient and nonambient water-quality conditions 
(such as samples of effluents and processed drinking water). 
In contrast, the information presented in table 2 represents 
the sums of individual analyses and measurements that met 
the Phase I criteria for the 20 constituents and properties 
evaluated in Phase II.

Phase 1

Agency involvement Phase I identified 115 water- 
quality data-collection programs by 48 organizations in 
Colorado and 88 programs by 42 organizations in Ohio. 
Federal agencies had the largest number of data-collection 
programs in each State, accounting for about 50 percent of 
all programs in Colorado and 32 percent of all programs in 
Ohio. In addition, many of the State and local programs 
received funding and other support from Federal agencies.

Sources of samples More than 90 percent of all 
water samples collected in each State were surface-water 
samples. Ground-water samples represented only about 9 
percent of the samples reported in Colorado and 4 percent of 
the samples in Ohio. Much of the sampling in both States 
was for mandated purposes such as meeting permit require 
ments for monitoring wastewater effluent or drinking water. 
Only about 42 percent of the samples in Colorado and 15 
percent of the samples in Ohio reportedly were collected for 
characterizing ambient water-quality conditions.

Screening criteria The water-quality data-collection 
programs were tested against a set of criteria (fig. 1) 
selected to evaluate the potential availability and applica 
bility of the data for assessing regional ambient water-

quality conditions and trends. Only 34 percent of all 
samples reported in Colorado and 5 percent of the samples 
reported in Ohio met all five criteria of the Phase I screen. 
Most samples that did not meet the Phase I criteria were 
permit-required samples of waste effluent or treated water 
and, therefore, were not considered representative of 
ambient water-quality conditions of streams or aquifers.

Costs Total costs for programs in the two States 
could not be discerned from information available from the 
various agencies. However, about $63 million was esti 
mated to have been spent in the two States during 1984 for 
laboratory analyses of water-quality samples. Laboratory 
costs generally amount to less than one-half the total cost of 
a water-quality data-collection program. Thus, about $100 
million may have been spent for water-quality data- 
collection programs in the two States during 1984. Only 
about 31 percent of the analytical cost for Colorado and 6 
percent of the analytical cost for Ohio were for samples that 
met all five Phase I screening criteria.

Properties and constituents Reported sample anal 
yses and measurements were divided into 11 major groups 
of water properties and constituents. Most data that met the 
Phase I screening criteria were for constituents and 
properties that broadly characterize water quality, such as 
pH, alkalinity, specific conductance, and dissolved oxygen. 
Therefore, these data bases include a relatively large 
number of analyses that are needed to address issues of 
long-standing concern such as sanitary quality and salinity. 
These measurements are inexpensive and are often done in 
the field. In contrast, there were few analyses for trace 
constituents, such as atrazine, polychlorinated biphenyl, and 
lead. These analyses are needed to address more recent 
concerns of contamination of surface and ground water by 
potentially toxic trace elements and synthetic organic 
compounds.

Phase 11

Screening criteria The water-quality programs that 
met the Phase I screening criteria were tested against a set 
of specific criteria for field and laboratory methods 
developed from guidelines published by public agencies and 
professional organizations (fig. 1).

Screening results Relatively few of the analyses 
inventoried in Phase I met all the screening criteria for 
Phase II. Only about 11 percent of the analyses for Colorado 
and 14 percent of the analyses for Ohio met the screening 
criteria for both phases. That is, for both States, less than 15 
percent of the analyses met the conditions (screening 
criteria) judged necessary for the data to be included in a 
consistent data base appropriate for assessing regional 
ambient water-quality conditions and trends.
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Table 1. Summary of Phase I statistics 

[<, less than]

Selected 1984 data Colorado Ohio

Numbers and percentages of water-quality data- 
collection programs operated by; Number

Federal agencies         -                    58
State agencies-              -                 17
Regional agencies-           -   -                6
Local agencies-                               30
Academic institutions                          4

All identified organizations                   - 115

Approximate numbers and percentages of water-quality 
samples from:

Surface-water sources                          308,120
Ground-water sources                          30,080

Ground- and surface-water sources (rounded)   338,000

Approximate numbers and percentages of samples for 
the main purpose of:

Meeting permit requirements 1                  - 155,700
Compliance-and-enforcement activities 1       39,000
Characterizing ambient water conditions       143,400

Total reported samples (rounded)             338,000

Approximate numbers and percentages of samples that 
met Phase I screening criteria, by major property 
and constituent groups:

Physical properties-                          38,710
Inorganic constituents                        28,660
Trace elements                           7,310
Major metals        -        ----                5,700
Nutrients                               14,540
Organic substances                            6,570
Priority pollutants                          244
Pesticides                              90
Radiochemicals-                               260
Biota                                  9,960
Sediment                                  2,120

All property and constituent groups (rounded)-   114,000

Estimated laboratory costs, before and after Phase I 
screening, for samples collected for meeting permit 
requirements and other purposes (compliance-and- 
enforcement activities, and characterizing ambient 
water conditions): Cost

Permit-required samples, total----- 
Samples meeting screening criteria-

Samples for other purposes, total- 
Samples meeting screening criteria-

Samples for all purposes, total -- 
Samples meeting screening criteria-

$6,080,000 
$0

$7,410,000 
$4,120,000

$13,490,000 
$4,120,000

Percentage

50
15
5

26
4

100

91

100

46
12
42

100

34
25
6
5
13
6

8
2

100

Percentage

45
0

55
31

100
31

Number

28
22
3

27

88

1,146,830
50,700

1,198,000

1,005,000
15,800

176,700

1,198,000

12,370
7,990
5,040
3,700
8,820
4,160
1,100
1,800

50
4,820
7,100

57,000

Cost

$35,700,000 
$0

$13,880,000 
$3,020,000

$49,580,000 
$3,020,000

Percentage

32
25
3

31
9

100

96
4

100

84
1

15

100

22
14
9
6

16
7
2
3 

<1
8 

13

100

Percentage

72
0

28
6

100

Predominantly effluent or nonambient samples (Hren and others, 1987).
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Table 2. Summary of Phase II statistics 

[Data from Childress and others, 1989]

Selected data Colorado Ohio

Analyses and measurements 
at different phases

Inventoried in Phase I 1-  --   - 
Passing Phase I screen  --   -- 
Passing Phase I and Phase II screen

Number Percentage Number Percentage

240,000
165,000
26,400

Percentages of analyses and measurements 
meeting each Phase II screening criterion

Field-practices criteria:
Documented sample-collection techniques   
Collection of representative samples--    
Other sample-collection practices     -   
Sample handling and preservation-   -   -   
Field-instrument use and maintenance-   

Laboratory-practices criteria:

Quality control
me L.IJ.OCIS  

Numbers of analyses and measurements passing 
Phase I and Phase II screens

Surface-water criteria---   
Ground-water criteria-  -   

Totals, rounded to nearest 100-

100
69
11

Percentage

100
18
99
91

100

96
100
94

23,900
2,530

26,400

242,000
76,300
34,900

100
32
14

Percentage

96
67
89
72
84

75
99
93

34,400
470

34,900

1 Because of the differences in the Phase I and Phase II screening 
procedures, the screening results presented in this table cannot be compared 
readily with the results of the Phase I screening as presented by Hren and 
others (1987). Thus, the sums of analyses inventoried in Phase I that are 
reported here have been adjusted from those reported in Hren and others (1987) 
to allow for a meaningful comparison. For Colorado, 338,000 ambient and 
nonambient samples were inventoried in Phase I (Hren and others, 1987); when 
adjusted for comparison to Phase II, 240,000 ambient analyses and measurements 
of the 20 constituents of interest in Phase II were inventoried in Phase I. 
For Ohio, 1,198,000 ambient and nonambient samples were inventoried in Phase I 
(Hren and others, 1987); when adjusted for comparison with Phase II data, 
242,000 ambient analyses and measurements of the 20 constituents of interest 
in Phase II were inventoried in Phase I.

Field practices Screening criteria pertaining to field 
practices had the greatest limiting effect on the number of 
analyses that met the Phase II criteria. The representative- 
sample criterion was met by 18 percent of the analyses in 
Colorado and 67 percent of the analyses in Ohio. Analyses 
that failed this criterion were from stream samples that 
could not be verified as being representative of the entire 
stream cross section.

Laboratory practices In contrast to the field 
practices criteria, most of the analyses in both States met 
each of the laboratory-practices criteria. This may be due, in 
part, to the more detailed description and widespread 
publication of guidelines for laboratory practices as com 
pared to guidelines for field practices, particularly with 
regard to collection of representative samples.

Purpose and Scope of Report

Phase III of the study, described in this report, 
evaluates the extent to which existing ambient water-quality 
data (that met Phase I and Phase II criteria) in Colorado and 
Ohio can be used to answer major regional-scale questions 
such as:

1. What are existing water-quality conditions?
2. Has water quality changed?, and
3. How do the existing water-quality conditions and

trends relate to natural and anthropogenic factors? 
This evaluation focuses on questions 1 and 2 by evaluating 
the spatial distribution of sampling sites, the number of 
measurements of different constituents at sampling sites,
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INVENTORY OF STATE-WIDE 

WATER-QUALITY DATA

Data
eliminated
from
further
analysis

No

PHASE I SCREEN

Do the data represent ambient stream or aquifer 
conditions, as opposed to effluent or treated 
water?

Are the data available for public use? 

Can the sampling sites be readily located? 

Is quality-assurance documentation available? 

Are the data in a computer file?

i Yes

PHASE II SCREEN

Data
eliminated
from
further
analysis

No

FIELD PRACTICES:

Documented sample-collection techniques used? 

Samples representative of stream or aquifer conditions? 

Other established field practices used?

Established sample-handling and sample-preservation 
procedures used?

Analytical instruments used and maintained in the field 
in accordance with established procedures?

LABORATORY PRACTICES: 

Quality-assurance program maintained? 

Laboratory quality-control procedures maintained? 

Appropriate analytical methods used?

1 Yes

PHASE III ANALYSIS

Data further evaluated in Phase HI

Figure 1. Process used to inventory and screen data for 
regional-scale ambient water-quality assessments in Colorado 
and Ohio.

and the availability of key ancillary information needed to 
support analyses of current conditions and trends.

METHODS OF ACQUIRING, COMPILING, 
AND EVALUATING INFORMATION

Because of the large number of constituents of 
potential interest in water-quality assessments, this eval 
uation was limited to a few constituents that relate to 
water-quality concerns in Colorado and Ohio and that had a 
reasonably large number of observations remaining after the 
Phase II screening process. The constituents evaluated in 
Phase II and a summary of water-quality issues and related 
legislative acts and agreements are listed in table 3. As 
described earlier, major water-quality concerns in Colorado 
include salinity from irrigation-return flows, contamination 
from potentially toxic trace metals from mining, sedi 
mentation from land disturbances, and poor sanitary quality

resulting from domestic wastewater effluents and feedlot 
runoff. Accordingly, constituents selected for evaluation in 
Colorado included dissolved solids, suspended sediment, 
and dissolved oxygen for surface water; and dissolved 
solids, total-col if orm bacteria, nitrate as nitrogen (herein 
after referred to as nitrate), and uranium for ground water 
(table 4).

Major water-quality concerns in Ohio include con 
tamination from trace metals and synthetic organic sub 
stances associated with industrial or municipal waste 
discharge; sedimentation from agricultural, mining, and 
other activities; eutrophication; and sanitary quality. Accord 
ingly, constituents selected for evaluation in Ohio included 
dissolved oxygen, total phosphorus, total-recoverable lead, 
suspended sediment, and fecal-coliform bacteria for surface 
water; and phenols, nitrate, total-recoverable iron, and 
total-recoverable manganese for ground water (table 4).

The 5-year interval, 1980 through 1984, was chosen 
arbitrarily as the period to represent recent conditions. The 
time period since the enactment of the Clean Water Act, 
1972-84, was selected to evaluate the suitability of data for 
defining ground-water quality and the changes or trends in 
ground-water-quality conditions. A shorter time period 
(1977 84) was used for evaluating the suitability of data for 
defining trends in surface-water-quality data. The time 
period 1977-84 represents the period of record available 
since the depth-width integration technique became an 
accepted method of sample collection for streams. In 
evaluating trends in water quality, it is important that the 
methods of sample collection and analysis be consistent for 
the period of interest so that changes due to natural and 
anthropogenic factors can be discerned from other factors.

For this study, the surface-water evaluation was 
limited to streams; data from lakes and reservoirs were not 
included. There were no similar limitations placed on 
ground-water resources.

DESIGN CONSIDERATIONS OF WATER- 
QUALITY ASSESSMENTS

An evaluation of the suitability of available water- 
quality data for assessment purposes needs to address the 
following questions:
  What are the goals and objectives of the assessment?
  What is the scale of the assessment in space and time?
  Where are appropriate sampling sites?
  What data-analysis methods (for example, statistical 

tests) are appropriate?
  How many measurements are necessary and for what 

time period?
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Table 4. Water-quality issues and related water-quality constituents selected for evaluation in 
Phase III for Colorado and Ohio

[Numbers in parentheses are the numbers of sites yielding data (in 1984) that met the Phase II screening criteria]

Issues
Related 

surface-water 
constituents

Related 
ground-water 
constituents

Salinity---     -   - 
Sanitary quality---

Sedimentation - - 
Toxic contamination

Eutrophication-   
Sanitary quality- 

Sedimentation--- - 
Toxic contamination 
Mine drainage-  -

COLORADO

Dissolved solids (883) 
Dissolved oxygen (348)

Suspended sediment (188)

OHIO

Total phosphorus (236) 
Dissolved oxygen (594) 
Fecal-coliform bacteria (54) 
Suspended sediment (393) 
Total-recoverable lead (52)

Dissolved solids (2,561) 
Total-coliform (1,578)

bacteria.
Nitrate as nitrogen (577) 
Uranium (72)

Nitrate as nitrogen (300)

Phenol (135) 
Total-recoverable (131)

iron. 
Total-recoverable (132)
manganese.

Goals and Objectives

The first, and perhaps most important, step in 
evaluating assessment strategies is developing a clear 
definition of the goals and objectives of the assessment. 
These goals and objectives help determine appropriate 
design considerations.

As noted in Hren and others (1987), numerous 
Federal, State, interstate, and local agencies collect water- 
quality data for a variety of purposes that include:
  Assessing the adequacy of controls on the release or 

containment of contaminants;
  Detecting long-term trends, unplanned releases, or 

accidents and their causes;
  Determining or enforcing compliance with effluent or 

ambient standards;
  Establishing baseline data for future reference and 

long-range planning; and
  Determining the cause and effect of relations that

control the levels and variability of constituent
concentrations over space and time.
Sampling requirements for these objectives may be 

very different. For example, high sampling frequencies and 
(or) continuous monitoring are needed to estimate loads and 
for compliance and surveillance. Other examples are 
presented in table 5.

Cause-and-effect studies may require multiple sta 
tions per basin and high sampling frequencies because data 
at small time and space scales often are needed to estimate

transfer coefficients and model parameters. Detecting trends 
in concentration over time usually requires long sequences 
of data collected monthly, bimonthly, or four times per year. 

The mission of the U.S. Geological Survey is to 
assess the quantity and quality of a number of earth 
resources for the Nation, including energy, minerals, and 
water. Within this mission, the role of the U.S. Geological 
Survey in water-quality assessment is to provide the 
information and to facilitate the understanding of processes 
so that resource managers at the Federal, State, and local 
levels can make sound resource-management decisions. 
Assessment includes:

1. Measurement of the quantity and quality of surface 
and ground water;

2. Research to increase understanding of the processes 
that affect water quality; and

3. Interpretive studies to determine both the causes of 
observed conditions and the changes in water 
quality. These studies should then predict the likely 
effects of possible future changes in the use and 
management of land and water resources. 

On the basis of this mission, the goals and objectives in 
table 6 were defined for regional-scale ambient water- 
quality assessments.

Spatial and Temporal Scales

Water-quality assessments may be done at several 
different spatial and temporal scales. Examples are given in
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Table 5. Relative sampling requirements 1 for various water-quality assessment objectives

Objective

Spatial and temporal 
conditions (averages and 
ranges of concentration) .

jjO^Qg.-                                        
Trends ---------------------
Compliance or surveillance-

Density 
of sites

Low High

X

X

Frequency 
of sampling
Low High

X

X

Duration 
of sampling
Short Long

X

X

1These are examples of general sampling requirements, and it should be 
noted that there could be tradeoffs. For example, for an objective of cause 
and effect, a low sampling frequency could be used with a long duration of 
sampling.

table 7. A small-scale assessment is one designed to 
describe the characteristics of an individual problem area 
associated with known point and nonpoint sources of 
contaminants. An example of a small-scale, surface-water- 
quality assessment would be the description of dissolved- 
oxygen depletion that occurs through a given stream reach. 
An example of a small-scale, ground-water-quality assess 
ment would be the description of a contaminant plume from 
a sanitary landfill encompassing from several tens of acres 
to a square mile in area. The number and density of 
sampling sites needed to describe these occurrences could 
be relatively large on the order of one or more per river 
mile to describe dissolved-oxygen depletion and tens of 
wells per square mile to describe a contaminant plume in 
three-dimensional space.

Regional ambient water-quality assessments are 
designed to characterize conditions in areas encompassing 
from thousands to tens of thousands of square miles. 
Depending on the nature of the resource and the spatial 
distribution of the constituent(s) of interest, results of 
regional assessments could be presented as: (1) maps 
showing the locations of large areas of contamination (tens

of river miles or tens of square miles of an aquifer); 
(2) maps that distinguish stream reaches or parts of aquifers 
that have different average concentrations or frequencies of 
contamination; and (3) reports that relate geology, soils, 
land use, and other land information to contaminant con 
centrations or probabilities of contamination. Depending on 
the variation of water quality, the density of sampling sites 
in a regional assessment may be much less than in a 
small-scale assessment.

The two different spatial scales of assessments 
presented in table 7 are not alternatives to the other because 
both levels of information are necessary in water-resource 
management. Information from regional water-quality 
assessments may provide both a framework for smaller 
scale assessments and the technical foundation for public- 
policy debates on water quality. However, regional-scale 
assessments are not designed to characterize small-scale 
water-quality problems. Assessment of small-scale features 
is an important component of State and local water-resource 
management.

Water-quality assessments may provide information 
at different temporal scales. The shortest time scale is most

Table 6. Goals and objectives of regional-scale ambient water-quality assessments

Goal 1: Describe current water-quality conditions
Objective la; Provide information about the spatial distribution of

water-quality constituents. 
Objective Ib: Provide information about the short-term or temporal

variation of water-quality constituents (surface water only). 
Objective Ic: Estimate loads of water-quality constituents at key

locations (surface water only).

Goal 2: Define long-term trends in water quality;
Objective 2a: Determine the direction and rate of change in the

concentration and(or) transport (surface water only) of water-quality 
constituents at key locations.

Goal 3; Determine how current water-quality conditions and the changes in 
these conditions relate to natural and anthropogenic factors:

Objective 3a: Identify and describe the relations between the quality 
of surface and ground water and natural and human factors.
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Table 7. Examples of water-quality assessments at different spatial and temporal scales

Temporal 
scale

Spatial scale
Small Regional

Transient   Emergency response survey to 
a toxic-waste spill.

  Low-flow dissolved-oxygen 
survey downstream from a 
wastewater-treatment facility.

Multiyear   Survey to define the extent 
of contamination from a 
sanitary landfill or hazardous 
waste site.

Compliance monitoring at sites 
downstream from a wastewater- 
treatment facility.

Monitoring the raw drinking- 
water supply to a municipality.

Survey during low stream 
flows and high temperatures 
to identify worst-case 
conditions in streams in a 
basin.

Fixed-station sampling at 
multiple points throughout 
a region to determine 
changes in water-quality 
conditions.

Describing water-quality 
conditions throughout a 
regional aquifer.

suitable for measuring changes in surface-water quality that 
occur at time scales ranging from minutes to a few days. 
Included in this category would be phenomena such as a 
fish kill caused by a lack of dissolved oxygen that might 
occur during low streamflow after a sustained period of 
warm, overcast weather or by a toxic-waste spill. These 
transient phenomena may pose threats to human health (via 
drinking water or harvested fish and (or) shellfish) or to 
ecosystems. Implicit in many transient-scale studies is the 
need to report results to managers rapidly for emergency 
response.

Information about water-quality conditions at the 
multiyear to multidecade scale also is necessary. Infor 
mation at these scales is needed to estimate the probability 
distributions of concentrations and transport rates, the 
probability of exceedence of standards, and the long-term 
effects of water-quality changes on economic conditions, 
laws, regulations, waste-treatment processes, and other 
human activities. In most instances, data requirements for 
multiyear assessments require enough consistent data so 
that variation caused by changes in season, climate, and 
human activities can be distinguished from other factors.

This study is concerned with determining the 
suitability of existing ambient water-quality data for assess 
ing regional ambient water-quality conditions and trends at 
the multiyear to multidecade scale.

Ancillary Information

In addition to water-quality data, other types of 
information often are needed for assessment purposes. This

information may be needed to standardize water-quality 
data for comparison or to account for some of the variability 
in the data. For example, for most objectives, streamflow 
data are needed for surface-water-quality assessments. 
Increased streamflow may cause either an increase or 
decrease in the concentration of water-quality constituents. 
Constituent concentrations may: (1) decrease as streamflow 
increases because of dilution (fig. 2A); (2) increase as 
streamflow increases because of increased surface runoff 
and erosion (fig. 25); or (3) increase and decrease at 
different times. For example, the relation of total-phos 
phorus concentrations to streamflow in the Great Miami 
River, Ohio, is shown in figure 2B. Total-phosphorus 
concentrations at this site during low flows probably consist 
primarily of dissolved ions from ground water. These 
concentrations are diluted by gradual increases in surface 
runoff. At higher streamflows, increased erosion and trans 
port of organic material and sediment, to which phosphorus 
is attached, may occur; this causes increased total- 
phosphorus concentrations.

For ground-water-quality assessments, information is 
needed about the sampled aquifer, depth to water, depth of 
casing, depth of well, well use (public-water supply, indus 
trial, and so forth), pump type used, and casing material. 
These were criteria used in the Phase II evaluation that 
many of the wells in both States failed to meet.

If the goal of the assessment is to determine cause- 
and-effect relations that control the levels and variability of 
constituent concentrations over time and space, then other 
types of ancillary information are needed. Land and water
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use, geology, soil types, population distribution, and loca 
tion of contaminant sources are examples of such types of 
information. Of these, relations between water-quality char 
acteristics and geology and land use are most frequently 
evaluated. Information about geology and land use can be 
used prior to sampling to provide insight as to which 
constituents should be included in the sampling program.

The scale of the water-quality assessment will deter 
mine the detail at which ancillary information is needed. 
Regional assessments generally require information' at 
larger scales (for example, river-basin, aquifer, or State 
level). Smaller scale studies may require more detailed 
information, for example, by county, township, or by 
specific sampling site.

The ancillary information needed to describe the 
land-use settings of data-collection sites in this study was 
obtained from U.S. Geological Survey land-use maps at a 
scale of 1:250,000 (Anderson, 1970). Others have compiled 
similar maps: for example, the State of Colorado developed 
a statewide land-use map at 1:500,000 scale (Colorado Land 
Use Commission, 1974) from larger scale (1:250,000) U.S. 
Geological Survey land-use maps. Ohio's Department of 
Natural Resources has a similar 1:500,000-scale land-use 
map for that State (W. Channel, Ohio Department of 
Natural Resources, oral commun., 1987). A statistical sum 
mary of farming, ranching, and related activities such as 
type of crops grown and agricultural chemicals used (pesti 
cides and fertilizers) is listed on a statewide and county 
basis by the U.S. Bureau of the Census (1984).

Maps of surficial geology are available at a scale of 
1:500,000 for Ohio (Bownocker, 1981) and Colorado 
(Tweto, 1979). Location information, such as latitude and 
longitude, have become available recently for Ohio's waste- 
water discharges (Ohio Environmental Protection Agency, 
written commun., 1987). This information was used to 
locate data-collection sites potentially affected by human 
factors (point sources of waste water discharge).

Estimated water use for surface and ground water in 
Colorado and Ohio during 1980 is given in a report by 
Solley and others (1983). For Ohio, water use in 1980 for 
thermoelectric, manufacturing, public and rural domestic 
supply, and livestock is given by county in a report by 
Eberle and McClure (1984).

However, even with the available ancillary informa 
tion described above, it is difficult to relate this information 
to current water-quality conditions. First, little of the factor 
information is digitized or stored in computer-readable 
form. To develop relations between water quality and the 
ancillary information, the ancillary information must be 
rewritten into a mathematical expression, such as percent of 
the area covered by some particular type of land use. In 
many areas, this type of information is not readily available.

To relate changes in water-quality conditions to some 
of the ancillary information is even more difficult: sites 
yielding sufficient data for assessing changes in water- 
quality conditions that can be clearly related to the factors 
are less numerous than those yielding data for current 
water-quality conditions. In addition, some areas do not 
have information on how the factors may have changed over 
time. For example, land use in Colorado was mapped in 
1974 by the Colorado Land-Use Commission. Prior to 1974 
and after 1974, information on land use is available for only 
a few areas. In this case, it would be difficult to relate 
changes in water-quality conditions to changes in land use.

Relating water-quality conditions to natural or anthro 
pogenic factors is complicated by considerations other than 
the lack of readily available data. For example, it often is 
difficult to determine which factors actually are influencing 
water quality, and there is often a correlation or other 
relation between factors or within factors.

Location of Sampling Sites

The locations of sampling sites in an assessment 
generally are determined by the goals of the assessment, 
knowledge of the factors that affect water-quality conditions 
in a basin (for example, geology and land and water use), 
and the suitability and accessibility of sites for sampling.

Surface Water

Although several techniques have been proposed for 
locating sampling sites for assessment purposes, the task 
does not lend itself easily to the formulation of a mathe 
matical objective function. For the present, a less formal 
approach for locating sampling sites, such as that discussed 
in Sargent (1972), seems appropriate. Locations for sam 
pling sites considered in the design of regional ambient 
water-quality assessments may include:
  The confluence of major tributaries and selected 

points on the main stems that account for a large part 
of the total basin runoff;

  Locations upstream and downstream from reservoirs 
and major land uses to isolate the factors suspected of 
affecting water quality;

  Sites located near major public water-supply intakes 
or other important water uses; and

  Locations where there are existing water-quality and
(or) streamflow information.

Sampling sites need to be located so that local effects, such 
as road construction or stream channelization, do not affect 
the results. Sampling sites are located in this manner unless 
the local effects are the primary focus of the assessment. 
Finally, sample-collection sites need to be located, where 
possible, at sites having reasonable access.
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Sometimes the number of sampling sites may be more 
important than the site location. For example, Lettenmaier 
(1978) used statistical criteria to suggest that the number of 
sites is more important than the location when evaluating 
basinwide-trend detectability and when there is a constraint 
on the number of samples that can be collected.

Ground Water

There are several difficulties associated with the 
selection of sampling site locations for regional ground- 
water-quality assessments that are not encountered in 
surface-water assessments. Ground-water flow occurs in a 
heterogeneous, three-dimensional framework of geologic 
materials, and the patterns of flow are complex. Whereas 
surface water is confined to a small percentage of land area, 
ground water occurs almost anywhere if drilling is done to 
sufficient depth. The chemical quality of ground water is a 
function of the quality of recharge and the reactions that 
occur along the flow path particularly between the moving 
fluids and the geologic materials. The spatial variability of 
ground-water quality may be very large, both areally and 
with depth. Finally, ground water can be sampled only 
where a well is present, a test hole is drilled, or where a 
spring or seep occurs.

Depending on the objectives of the assessment, 
ground-water sampling-site locations may be selected ran 
domly or nonrandomly. For a large-scale regional assess 
ment, one approach is to select sampling sites through a 
statistical design wherein sampling locations are chosen 
randomly from the principal aquifers. The purpose of 
random selection of wells is to obtain a representation of 
ground-water quality that is unbiased toward specific 
known or suspected local problem areas. Sampling loca 
tions could be selected so as to obtain a set of samples that 
are well distributed throughout the principal aquifers, both 
areally and with depth. To obtain a good depth distribution 
of ground-water samples, the region could be subdivided 
into a small set of hydrogeologic units, some of which may 
be combinations of aquifers. In contrast, for aquifers with a 
large range of depths, a single aquifer could be subdivided 
into two or more hydrogeologic units based on depth. To 
achieve a good areal distribution of sampling locations, a 
grid could be overlain on a map of each hydrogeologic unit, 
and wells could be selected randomly from each grid cell.

Sampling from nonrandomly selected wells is useful 
for: (1) defining the areal extent of contamination of known 
problem areas; (2) determining whether hydrogeologic 
settings considered vulnerable to contamination are, in fact, 
contaminated (for example, shallow ground water in areas 
of particularly high pesticide use); and (3) assessing the 
condition of major drinking-water supplies or of water for 
other major uses.

As discussed in Childress and others (1989), impor 
tant criteria for selecting wells for sampling include

knowledge of well construction and local hydrogeology. 
For analysis of long-term trends, an additional criteria is 
knowledge of the age of the ground water being sampled 
(for example, less than 1 year, 1 to 10 years, 10 to 20 years, 
and greater than 100 years). For trend detection, wells that 
have been screened to enable sampling of younger waters 
would be most sensitive to recent water-quality degradation 
and, thus, would be of greatest interest.

Statistical Tests and 
Other Analytical Methods

Once the goals and objectives of the assessment have 
been defined, the type of statistical measurement(s) and 
tests to be used need to be considered so that data require 
ments can be determined and expectations of what 
information will be available can be quantified and 
understood.

Depending on the objectives of an assessment, the 
following types of information (measurements) may be 
needed for different constituents at one or more sampling 
locations:

1. Estimates of an annual or seasonal mean and 
variance of concentration or load;

2. Estimates of the minimum and maximum con 
centrations or loads;

3. Estimates of the frequency of occurrence or exceed- 
ence of a particular concentration; and

4. Estimates of the trend or consistent change in 
concentration and (or) load over time.

Estimation of Mean Concentrations

The distribution of concentrations can be used to 
estimate an average or mean concentration or to estimate the 
frequency of occurrence or exceedence of a concentration. 
Water-quality criteria or standards usually are expressed as 
concentrations (mass per unit volume), and, thus, mean 
in-stream or in-aquifer concentrations may be used for 
comparison with standards.

If the goal of the assessment is to estimate the annual- 
mean concentration of a constituent at a site at some 
prespecified variance, and it is assumed that the con 
centrations are normally distributed and are not correlated 
over time, then the number of samples needed can be 
estimated by the following equation (Gilbert, 1987, p. 30):

a2
n=

V+G2/N (1)

where
n = the number of samples required,
a2 = the variance in concentration of the population,
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V = a prespecified variance of the mean concentration,
and

N = the total number in population. 
If N is large relative to o2, equation 1 reduces to:

n=
V

(2)

Thus, if the variance in the population is known, it is 
relatively simple to determine the number of observations 
needed for any desired V. If the true variance, a2, is not 
known, it can be estimated from an initial set of measure 
ments using equation 3.

(3)

where

s = the sample variance,
xt = the measured value of the /th unit,
x = the mean of the sample, and
n = the number of observations.

The validity of estimates of n using these methods is 
dependent, in part, on the adequacy with which the variance 
of the system to be sampled is known or estimated. For 
example, in streams, if the high-flow events were not 
sampled, the estimated variance of the system could be 
underestimated and the calculated number of samples 
needed to achieve a prespecified variance of the mean could 
be too small.

Estimation of Loads

Estimates of constituent loads (mass per unit time) 
also are used in assessments to compare contributions of 
various constituents from different streams and to estimate 
rates of erosion, deposition, and reservoir sedimentation. 
The number of samples and frequency of sampling needed 
to estimate constituent loads in a stream is determined by 
the method selected to estimate loads and certain envir 
onmental factors, such as watershed size and variability of 
the constituent concentration with time and streamflow.

The most accurate method to determine loads is to 
measure streamflow and constituent concentration con 
tinuously. Although continuous streamflow data are 
available for many sites, continuous measurements of 
chemical constituents generally are not available and are not 
practical to collect. Two methods commonly are used to 
estimate loads. The first, an averaging technique, assumes 
that the concentration of a constituent associated with a 
sample is representative of the time period between sample 
collections. The concentrations and streamflows associated 
with individual samples are averaged to provide 
representative mean values for the period of record. This 
method may involve the use of only instantaneous stream-

flow values associated with individual water-quality 
samples, or it can use all of the streamflow record. Further 
discussion of this method is given by Porterfield (1972) and 
Yaksich and Verhoff (1983).

The second method used to estimate loads, referred to 
as the rating-curve method, involves developing a relation 
between constituent concentrations and streamflow. Long- 
term loads are estimated by summing individual loads from 
each flow period from long-term streamflow records. The 
rating curve is developed by linear or nonlinear regression 
and may involve a single curve or monthly, seasonal, or 
annual curves. Various rating-curve methods are evaluated 
in Yorke and Ward (1986).

Walling and Webb (1981) evaluated several strategies 
for each method of load estimation. They demonstrated that 
the different load-calculation procedures are characterized 
by different levels of accuracy and precision and, therefore, 
have different sampling-frequency requirements if they are 
to produce load estimates within given limits of the true 
value.

Yaksich and Verhoff (1983) concluded that, in rivers 
where concentration increases with increasing streamflow, 
loads can be estimated within 10 to 20 percent of the true 
load by sampling during the 2 to 3 highest streamflow 
events of the year and also by collecting 5 to 10 additional 
samples during low flows. Similar conclusions were 
reported by Antilla and Tobin (1978), Johnson (1979), 
Walling and Webb (1981), and Richards and Holloway 
(1987). However, because it is impossible to know in 
advance which events will be the largest, it often is 
necessary to attempt to sample all high-flow events to 
obtain reliable load estimates.

More intensive sampling programs were determined 
to be necessary in smaller watersheds to achieve load 
estimates of a given accuracy and precision (Richards and 
Holloway, 1987). Other factors being the same, load 
estimates in small watersheds are generally more variable 
and have a greater range of constituent concentrations and 
unit-area flows than larger watersheds. Small runoff events 
may not produce a measurable change in streamflow in 
large rivers, but such events often do produce measurable 
change in smaller basins. Closely spaced runoff periods 
often merge in larger rivers but may remain separated in 
smaller watersheds. These patterns, in part, are attributable 
to water routing within the river channels and, in part, to a 
more variable distribution of rainfall from a given storm 
over the area of a large watershed; this tends to decrease the 
range of responses shown by the river from storm to storm. 
The net effect of these differences is that flux variance over 
time relative to mean flux is greater in small rivers than in 
larger rivers. Thus, load estimates derived from a fixed 
sampling design would be expected to be less precise for a 
small river than for a larger one. In very small watersheds, 
hourly sampling may be required during runoff periods.
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Estimation of Long-Term Trends

A trend is defined as a change, either an increase or 
decrease, in concentration or load over time at a sampling 
site or as a change with distance between sites. This 
discussion focuses on the former trends with time. Two 
common types of trends are step trends and linear trends 
(Lettenmaier, 1978). A step trend is a statistical difference 
in the mean value of a measure between two time periods  
a "before and after" type change (part A of the following 
figure, facing column). This type of change may result from 
an abrupt change in land use or activation of a pollution 
abatement program such as construction of a wastewater- 
treatment facility. A step trend also may apply to situations 
where there are two periods of data separated by a period of 
no data (part B of the following figure). A linear trend is a 
gradual change over some period of time (part C of the 
following figure). Trend data provide information about 
whether the quality of a water resource is improving, 
deteriorating, or remaining the same. Determination of 
trends in water quality is one way of evaluating the results 
of expenditures of large sums of public and private money 
for water-quality improvements.

Assessment programs designed to detect trends in 
water quality require different sampling strategies, numbers 
of samples, and periods of data collection than programs 
designed to determine average concentrations or loads. 
Unlike programs for estimating loads, which are enhanced 
by frequent flow-stratified sampling, data for detection of 
trends in concentration should be collected at uniform 
intervals for longer periods of time. Analysis of trends in 
loads requires that the data be reduced to some uniform time 
period. For example, flow-stratified samples may be used to 
compute annual loads that are then tested for trend. The 
period of data collection required depends on whether a step 
trend or a linear trend is to be detected.

Lettenmaier (1978) compared trend detectability in 
two alternate sampling strategies uniform collection over 
time and time-stratified for both step and linear trends in 
constituent concentration. He determined that, when using 
autocorrelated data, the optimal strategy was biweekly to 
monthly uniform sample collection. However, this may vary 
depending on the correlation structure at each sampling site 
and with each individual constituent. For linear trends, trend 
detectability may be enhanced by increasing record length 
but not by increasing sampling frequency.

For step trends, the number of samples required is a 
function of the ratio of the change to be detected (the 
difference between the means of the two data sets) to the 
standard deviation and is also a function of the ability to 
detect that difference (Mar and others, 1986). That is, when 
the difference between the means is small relative to the 
uncertainty in the data, more samples are required to

A Step trend

cc
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U
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o 
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B Step trend (missing data)

C Linear trend 
TIME
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<r = standard deviation

discriminate between the means at a given level of 
significance. These relations are illustrated in the figure 
above. Similar considerations apply to linear trends. Actual 
trends, which may represent only a small percentage of 
change annually, can be obscured by seasonal cycles or 
variations in streamflow. Longer periods of data collection 
are required to detect small trends and to account for 
variability in the system.

Thus, there is no single number of samples or 
frequency of sampling that is practical and ideal for all 
assessment goals and objectives or environmental con 
ditions. For this study, a minimum of 10 observations was 
judged necessary for computing mean concentrations at a 
surface-water site; only one observation per site was 
required for describing ground-water-quality conditions. 
For a site to be judged to have adequate data to compute 
loads, it was necessary to have at least 10 observations and 
daily streamflow data. To compute trends for surface-water 
quality, it was necessary to have both streamflow data and 
at least quarterly water-quality data for 5 years. To compute 
ground-water-quality trends, one observation per year for 
5 years was required. It should be noted that these

requirements are probably conservative because they do not 
take into account the variability of the concentration of the 
constituent over time or streamflow.

Frequency, Duration, and Uniformity of 
Sample Collection

Numerous factors need to be considered when deter 
mining the appropriate frequency and duration of sampling 
in an assessment. These factors include:
  Environmental factors that affect the constituents of 

interest and their variation with time;
  The goal(s) and objective(s) of the assessment;
  Scales of interest;
  Statistical tests to be used when addressing the goals 

and objectives;
  The size of the object to be detected (for example, the 

magnitude of the trend or the critical concentration of 
interest);

  The error that can be tolerated in the assessment 
results; and

  Practical constraints, such as cost.
Water quality varies over time as a result of changes 

in temperature, rainfall, other seasonal and climatological 
factors, and human influence. The temporal variation in 
water quality of streams can be quite large. Water-quality 
changes in streams may occur hourly, as in the diurnal 
fluctuation in dissolved-oxygen concentrations (fig. 3A); 
seasonally, due to changes in natural and anthropogenic 
factors (for example, plant growth and the seasonal appli 
cation of fertilizers to farm land) (fig. 35); and over a period 
of years as a result of climatic cycles, (for example, periods 
of drought or heavy rainfall) (fig. 3C).

In contrast to streams, the temporal variation of 
ground-water quality usually is small because ground water 
travels at relatively slow velocities. Seasonal and short-term 
variations in ground-water quality are likely to be largest for 
shallow ground-water systems (Pettyjohn, 1976; Pettyjohn 
and others, 1981; Schmidt, 1977; and Spalding and others, 
1983).

Because of the variation that can occur over time, 
particularly in streams, multiple samples often are needed at 
a site to describe current conditions. Determining the 
number of samples needed and an appropriate frequency of 
sample collection is difficult. Sampling too infrequently 
may result in information that does not have sufficient detail 
to achieve the goals of the assessment or that necessitates an 
extended period of observation to achieve the goals of the 
assessment. Sampling too frequently may result in redun 
dant information and unnecessary expense.

For more detailed discussion of these topics, the 
reader is referred to Gilbert (1987, p. 26-43), Richards and
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Figure 3. Changes in surface-water and water-quality data 
over different time periods: A, Daily changes in dissolved- 
oxygen concentrations in the Cuyahoga River, Ohio, April 
1-5, 1986; B, Seasonal changes in total-phosphorus con 
centration in the Maumee River, Ohio, 1978-1981; and 
C, Climate-influenced changes in mean annual streamflow of 
Raccoon Creek, Ohio, 1960-1984.

Holloway (1987), Lettenmaier (1978), Nelson and Ward 
(1981), and Sanders and Adrian (1978).

EVALUATION OF EXISTING DATA FOR 
REGIONAL AMBIENT WATER-QUALITY 
ASSESSMENT

37

50 100 MILES

i i i r i
0 50 100 KILOMETERS

EXPLANATION
   .._.._ MAJOR RIVER BASIN BOUNDARY 
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Figure 4. Location of surface-water sampling sites yielding 
data that met Phase II screening criteria, water years 1980 
through 1984, Colorado: A, Dissolved solids; B, Suspended 
sediment.

The following sections discuss the suitability of 
existing data in Colorado and Ohio for regional water- 
quality assessments. These discussions are based on only 
the constituents chosen for this phase of the study.

Current Water-Quality Conditions

Recent, or current, water-quality conditions are repre 
sented in this report by data collected during water years 
1980 through 1984. Recent water-quality conditions for

Colorado and Ohio are discussed in the following sections, 
first for surface water and then for ground water.

Surface Water

The numbers of surface-water sites yielding data that 
met the Phase n criteria for this time period for selected 
constituents in Colorado and Ohio are presented in column 
A of table 8. As noted earlier, the largest number of analyses 
available are for constituents commonly used as general
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Table 8. Number of surface-water sites yielding streamflow data and ranges of observations of 
selected constituents for water years 1980 through 1984 in Colorado and Ohio

[NA, not applicable; numbers in parentheses are percentages of the values in column A]

Constituent

A

Meeting 
Phase II 
criteria

. RRQ

 37. O

Suspended sediment   -   188

Suspended sediment----- 393

Fecal-coliform bacteria 54 
Total-recoverable lead- 52

B
Sites from 
Column A 
with 

concurrent 
streamflow 

data 
available

COLORADO

535 (61) 
348 (100) 
185 (98)

OHIO

535 (90) 
393 (100) 
226 (96) 
30 (56) 
51 (98)

Column
C

Sites 
from 

Column B 
with 3 
or more 
obser 
vations

273 (31) 
224 (64) 
134 (71)

426 (72) 
67 (17) 
113 (48) 
25 (46) 
24 (46)

D
Sites 
from 

Column B 
with 10 
or more 
obser 
vations 1

131 (15) 
137 (39) 
102 (54)

58 (10) 
43 (11) 
36 (15) 
20 (37) 
22 (42)

E
Sites from 
Column B 

with 10 or 
more obser 
vations 
and daily 
streamflow2

118 (13) 
NA 
92 (48)

NA 
41 (10) 
29 (12) 
NA 
21 (40)

1 Sites potentially suitable for determining mean constituent 
concentrations.

2 Sites potentially suitable for estimating constituent loads

water-quality indicators that are relatively easy and inex 
pensive to measure (that is, dissolved solids, dissolved 
oxygen, suspended sediment, and total phosphorus). 
Relatively few analyses of total-recoverable lead were 
available.

Area! Distribution of Sites

The areal distribution of sites in Colorado yielding 
surface-water data from water years 1980 through 1984 for 
dissolved solids and suspended sediment that met the 
Phase n screening criteria is shown in figure 4. For both 
constituents, most of the data collected were associated with 
irrigation drainage and mining concerns in the Colorado 
River and Yampa River regions in the western part of the 
State. Many of these sites were sampled in compliance with 
an international treaty that involved water-quality issues in 
the Colorado River basin. The sites that were sampled 
provide fairly good coverage for the western part of the 
State. Few data were collected in the eastern half of 
Colorado where there are not as many perennial streams or 
perceived problems associated with dissolved-solids and 
suspended-sediment concentrations.

The areal distribution of surface-water sites in Ohio 
varies, ranging from generally good statewide coverage for 
dissolved-oxygen data (fig. 5A), to a more sparse and 
scattered distribution of data for total-recoverable lead 
(fig. 5B), to a very regionalized distribution for suspended-

sediment data (fig. 5C). Dissolved oxygen is relatively easy 
and inexpensive to measure in the field and generally is 
measured as part of most surface-water-quality sampling 
programs in Ohio. Laboratory measurements of suspended 
sediment and total-recoverable lead are more expensive, 
and procedures for the collection and analysis of samples 
for these constituents are more exacting than field measure 
ment of dissolved oxygen. As a result, these constituents are 
not measured as frequently. The high density of sites in the 
eastern one-third of Ohio (fig. 5C) resulted from several 
water-quality-assessment programs in the coal mining 
region of the State.

The number of sites in Colorado and Ohio where 
streamflow data were collected concurrently with water- 
quality samples is listed in column B of table 8. More than 
85 percent of the sites in Colorado and Ohio with water- 
quality data also have concurrent streamflow data.

Number of Analyses

The one factor that had the greatest effect on the use 
of existing surface-water data for meeting the goals and 
objectives of regional-scale ambient water-quality assess 
ment is the number of analyses collected at each of the 
data-collection sites. Depending on the constituent, between 
31 and 71 percent of the sites in Colorado that met the Phase 
n criteria had concurrent streamflow data and three or more 
analyses (table 8, column C). In Ohio, the percentage of 
sites with three or more analyses ranged from 17 to 72
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percent (table 8, column C). The number of sites with 10 or 
more analyses for individual constituents were relatively 
few and ranged from 102 (54 percent of the total) for 
suspended sediment to 131 (15 percent of the total) for

EXPLANATION
  SAMPLING SITE

50 100 MILES

50 100 KILOMETERS

Figure 5 (above and facing column). Location of surface- 
water sampling sites yielding data that met Phase II screening 
criteria, water years 1980 through 1984, Ohio: A, Dissolved 
oxygen; B, Total-recoverable lead; and C, Suspended 
sediment.

dissolved solids in Colorado and from 20 (37 percent of the 
total) for fecal-coliform bacteria to 58 (10 percent of the 
total) for dissolved oxygen in Ohio (table 8, column D). 
Although there is no single frequency of sampling or 
number of analyses that is ideal for all conditions and 
objectives, 10 analyses were considered the minimum 
number of observations needed to meet most of the 
objectives for the assessment.

Areal Distribution of Sites with Suitable Data 
for Current Conditions Assessment

The area! distribution of surface-water-quality data- 
collection sites in Colorado yielding data for streamflow 
and 10 or more analyses of dissolved-solids and suspended- 
sediment concentrations is shown in figure 6. Most of these
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Figure 6. Location of surface-water sampling sites with 10 or 
more observations and concurrent streamflow data, water years 
1980 through 1984, Colorado: A, Dissolved solids; B, Sus 
pended sediment.

sites are in the northwestern part of the State, in the 
Colorado River basin, where there is considerable interest in 
concentrations of dissolved solids because of international 
agreements with Mexico.

For the major river basins in Colorado (fig. 7), the 
number of sampling sites yielding 10 or more analyses and 
concurrent streamflow for the various constituents are 
shown in table 9. For dissolved solids, most of the samples 
were collected in the Colorado River and White and Yampa 
River regions in response to concerns about the salt load in

the Colorado River. For dissolved oxygen, the majority of 
the samples were collected in regions with higher popu 
lation densities, such as in the South Platte River region 
(Denver), the Arkansas River region (Colorado Springs and 
Pueblo), and the Colorado River region (Grand Junction). 
The highest percentage of suspended-sediment samples 
were collected in the White and Yampa River region in 
response to mining activities in the region.

Surface-water withdrawals, by county, in 1985 for 
Colorado are shown in figure 8. Comparing figure 6 to 
figure 8, it can be seen that most of the surface-water- 
quality sampling sites are in the northwestern part of the 
State, where most of the higher surface-water-withdrawal 
areas also are located.

The distribution of sites in Ohio yielding data for 
streamflow and 10 or more analyses is shown in figure 9A 
for dissolved oxygen, figure 9B for total-recoverable lead, 
and figure 9C for suspended-sediment concentration (the 
number of sites are listed in table 8, column D). There are 
more sites yielding dissolved-oxygen data than the other 
constituents, and their statewide distribution is more wide 
spread. Some of the sites yielding dissolved-oxygen data are 
part of the National Stream Quality Accounting Network 
(NASQAN), operated by the U.S. Geological Survey. These 
sites are located at the mouths of large river basins to 
provide an integrated indication of water quality leaving the 
basins (Ficke and Hawkinson, 1975). Other sites yielding 
dissolved-oxygen data are located downstream from large 
cities to monitor the effect of municipal-waste water dis 
charges on in-stream dissolved-oxygen concentrations.

Most of the sites yielding streamflow data and 10 or 
more observations of total-recoverable-lead concentration 
are also NASQAN sites. Most sites with suspended- 
sediment data are located in eastern Ohio and are related to 
coal-mining activities.

The numbers of sites in each of the major river basins 
in Ohio with 10 or more analyses and concurrent stream- 
flow are listed in table 10. The southern Lake Erie basin 
(northeastern Ohio) has the largest number of sites although 
it is the smallest basin. This area is densely populated and is 
also an area of substantial surface-water use (fig. 10). 
Several agencies collected water-quality data that met the 
Phase I and II criteria; this contributed to the larger number 
of sites in this basin.

Except for the Great Miami River basin, the number 
of sites in the other river basins in Ohio is fairly uniform 
despite differences in drainage areas and surface-water 
usage (table 10, fig. 10). The Great Miami River basin in 
southwestern Ohio has nine sites with dissolved-oxygen 
data but only two or less for other constituents. The area 
along the Great Miami River between Dayton and 
Cincinnati is densely populated with high surface-water
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Table 9. Number of sites in major river basins with 10 or more analyses and concurrent 
streamflow information for selected constituents, water years 1980 through 1984, Colorado

River 
basin

South Platte    
ArKansas         

Drainage 
area 

(square 
miles)

29,394 
27,915 
10,409 
9,694 
7,884 
7,449 
5,721 
4,277

Number of sites with 10 or more analyses 
and concurrent streamflow

Dissolved 
solids

30 
13 
35 
24 
16 
1 
6 
6

Dissolved 
oxygen

41 
28 
31 
21 
4 
1 
7 
5

Suspended 
sediment

8 
16 
36 
10 
16 
3 
4 
4

Table 10. Number of sites in major river basins and hydrologic subregions with 10 or more 
analyses and concurrent streamflow information for selected constituents, water years 1980 
through 1984, Ohio

River basin 
and 

hydrologic 
subregions

Western Lake Erie

Muskingum River- ---

Upper Ohio River

Lower Ohio River

Great Miami River- - 
Southern Lake Erie

Drainage 
area 

(square 
miles)

8,402 
8,051 
6,517

5,265

4,751 
3,946

2,882

Number of sites with 10 or more analyses 
and concurrent streamflow

Dis 
solved 
oxygen

7 
5 
6

8

10 
9

13

Total 
phos 

phorus

7 
4 
5

3

6 
2

9

Sus 
pended 
sediment

4 
7 
7

9

4 
1

11

Fecal- 
coliform 
bacteria

0 
3 
0

4

2 
1

10

Total- 
recoverable 

lead

2 
4 
5

3

5 
1

2

usage. There has been a great deal of interest recently 
concerning the effects of the municipal and industrial 
discharges on dissolved-oxygen concentrations in the Great 
Miami River.

Loads

Daily streamflow data are needed to estimate loads of 
constituents. The number of sites that yielded daily stream- 
flow data and 10 or more analyses for the constituents of 
interest in Colorado and Ohio are listed in column E of table 
8. Compared with Colorado, there are fewer sites in Ohio 
that can be used to estimate loads, but the Ohio sites are 
distributed more uniformly. Most of the sites in Ohio are 
located near the mouths of tributaries to Lake Erie or the 
Ohio River. The large number of sites in northwestern 
Colorado in the Colorado River basin should provide a good

understanding of the relative contribution of dissolved 
solids and suspended sediment from different parts of the 
basin.

Ground Water

The number of ground-water sites in Colorado 
sampled for selected constituents during 1980 to 1984 that 
met the Phase I and Phase n screening criteria are: dissolved 
solids (399), nitrate (155), uranium (24), total-coliform 
bacteria (0); and for Ohio: total-recoverable iron (62), 
total-recoverable manganese (64), nitrate (86), and phenols 
(91).

Similar to the characteristics of the Colorado surface- 
water data base, concentrations of some ground-water 
constituents, such as dissolved solids, that are relatively 
inexpensive to measure and are general indicators of water-
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Figure 7. Principal river basins and related surface-water resources development in Colorado.

quality conditions were measured in samples collected from 
many sites. For Ohio, there was a smaller difference in the 
number of analyses made for each of the constituents of 
interest.

Areal Distribution of Sites

The areal distribution of ground-water sites sampled 
in Colorado and Ohio between 1980 and 1984 yielding data 
that met the Phase n criteria are shown for selected

constituents in figures 11 and 12. In general, many of these 
ground-water sites occur in groups in certain parts of each 
State. For example, in Colorado, the grouping of ground- 
water sites shown in figure 1 \A for nitrate concentration is 
related to areas of potential nitrate contamination from 
fertilizer applications and (or) areas of high ground-water 
use. In Ohio, the statewide distribution of sites yielding 
nitrate data generally is more uniform than sites yielding 
iron data: ground-water sampling sites yielding iron data 
tend to be more clustered in the coal-mining regions of 
Ohio.
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Figure 8. Surface-water withdrawals by county, Colorado, 1985.

For Colorado, none of the principal aquifers (fig. 13) 
seem to have sufficient data coverage for the constituents of 
interest (fig. 11) to allow determination of current (1980- 
84) ground-water-quality conditions. Many of these aqui 
fers provide drinking water and irrigation water.

Aquifer Characteristics and Water Use

Selected characteristics of the principal aquifers in 
Colorado are presented in table 11 along with the number of

samples collected during water years 1980 through 1984 for 
various constituents. Ground-water withdrawals for 1980 
are shown in figure 14. As shown in figure 14, most 
ground-water use in Colorado is from the South Platte and 
Arkansas alluvial aquifers. Much of this water is used for 
agriculture, but some also is used for domestic uses. Very 
little ground water is used in western Colorado.

Comparing figures 11 and 14, one can see that there 
is little relation between ground-water use and ground- 
water-quality sampling in Colorado, other than in the
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Denver basin aquifer system and the South Platte alluvial 
system (fig. 13).

The most productive aquifers in Ohio are the uncon- 
solidated coarse-grained sand and gravel deposits along

EXPLANATION
> SAMPLING SITE
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50 100 KILOMETERS

Figure 9 (above and facing column). Location of surface- 
water sampling sites with 10 or more analyses and concur 
rent streamflow data, water years 1980 through 1984, Ohio: 
A, Dissolved oxygen; B, Total-recoverable lead; and 
C, Suspended sediment.

major rivers (fig. 15). In all but one of the 19 principal areas 
of ground-water withdrawal, based on 1980 data, ground 
water from these glacial outwash aquifers is the primary 
source of potable water (fig. 16). Most of the ground-water 
data collected from 1980 through 1984 was from wells in 
these unconsolidated aquifers and from the shaly sandstone 
and carbonate aquifers in southeastern Ohio (table 12).

Other important sources of ground water are 
sandstone aquifers in northeastern Ohio and the carbonate 
aquifers in northwestern Ohio (fig. 15). There are fewer 
ground-water sampling sites within these aquifers, and they 
are not well distributed; the sites tend to be clustered in 
small areas that have known or suspected contamination.

The common depth of wells in Ohio generally is less 
than 300 ft (table 12). Approximately two-thirds of the wells 
evaluated in this study are less than 100 ft deep; about
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Figure 10. Surface-water withdrawals by county, Ohio, 1980.
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Figure 11. Location of ground-water sampling sites, water 
years 1980 through 1984, Colorado: A, Nitrate as nitrogen; B, 
Dissolved solids.

20 percent range from 100 to 200 ft; and only about 
6 percent are greater than 200 ft deep. Many of the wells 
evaluated in this study are private domestic-supply wells 
and, thus, tend to be shallow.

Trends in Water Quality

Surface Water

The number of sites yielding data that met the Phase 
II screening criteria collected from water years 1977 
through 1984 for constituents used in this study are listed in

column A of table 13 for Colorado and Ohio. Distribution of 
these sites is shown in figure 17 for Colorado and in figure 
18 for Ohio.

Sites with Suitable Data for Trend Analysis

As a general guide, to detect changes in water quality 
at a site, constituent concentrations and stream discharge 
need to have been measured concurrently at least quarterly 
for 5 years (20 measurements). Using these criteria, the 
number of sites in Colorado and Ohio for defining trends are 
listed in column B of table 13. There are fewer than 50 sites 
potentially suitable for trend analysis in Colorado (5 to 8 
percent of the sites that met Phase II screening criteria) and 
fewer than 30 sites in Ohio (2 to 33 percent of the sites that 
met Phase II screening criteria).

Area! Distribution of Sites

The areal distribution of sites in Colorado yielding 
data suitable for trend analysis of concentrations of dis 
solved solids and suspended sediment is shown in figure 19. 
For both constituents, most sites are in the northwestern part 
of the State (Colorado River and White and Yampa River 
regions). Several sites yielding data suitable for defining 
trends in dissolved-solids concentration also occur in the 
Platte River basin in the north-central part of the State. The 
number and distribution of sites in the White, Yampa, 
Colorado, and South Platte River basins seem sufficient to 
define trends in dissolved-solids concentrations for these 
regions.

The distributions of sample-collection sites in Ohio 
yielding data suitable for determining changes in water 
quality for dissolved-oxygen, total-recoverable lead, and 
suspended-sediment concentrations are shown in figure 20. 
Many of these sites are part of the U.S. Geological Survey's 
National Stream Quality Accounting Network that has been 
in operation since 1972 (Ficke and Hawkinson, 1975). 
These sites are generally at the mouths of the larger rivers in 
Ohio and therefore provide an integrated measure of water 
quality leaving the basin. However, for most constituents, 
the distribution of sites is too sparse to provide a repre 
sentative picture of water-quality changes either within river 
basins or on a statewide basis.

Ground Water

The numbers of ground-water sampling sites in 
Colorado and Ohio that yield data adequate for trend 
analysis are listed in table 14. In Colorado, no sites yielded 
uranium or total-coliform data adequate for detecting 
changes in ground-water quality. Trend analysis for dis 
solved solids and nitrate is possible only for about 20
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Figure 12. Location of ground-water sampling sites, water years 1980 through 1984, Ohio: A, Nitrate as nitrogen; B, Total- 
recoverable iron.

(2 percent) of the sites in Colorado that met the Phase II 
screening criteria (fig. 21). Most of these sites are clustered 
at the northern end of the Denver basin aquifer system.

The distribution of sites yielding nitrate- and iron- 
concentration data potentially suitable for trend analysis in 
Ohio is shown in figure 22. Iron and manganese data were 
available for about twice the number of sites as nitrate and 
phenol; however, because of clustering, the distributions 
appear similar. Iron and manganese occur abundantly in the 
Earth's crust and historically have been measured as part of 
most ground-water investigations in Ohio. More recently, 
nitrate and phenols have been measured as indicators of 
ground-water pollution. Most of the ground-water data 
evaluated in this study were from investigations that 
focused on areas of known or suspected problems thus the 
clustering of sites in small areas.

IMPLICATIONS OF STUDY RESULTS

This study was undertaken, in part, because of 
concerns and criticism raised by members of Congress that 
existing water-quality monitoring programs are "* * * 
fragmented, duplicative, and wasteful, and in many cases, 
* * * devoid of scientific validity and leadership" (Blodgett, 
1983, p. 3). Insufficient information has been available to 
determine whether these criticisms are accurate. Accor 
dingly, the U.S. Geological Survey conducted this study in 
Colorado and Ohio to determine the extent to which existing 
data could be aggregated into a consistent and technically 
sound data base that would be appropriate for water-quality 
assessments of regional and national scale. Although the 
results of this study are specific to Colorado and Ohio, many 
conclusions from the study have implications for national 
water-quality assessment.

C32 Water-Quality Data Collection Activities in Colorado and Ohio
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Figure 16. Areal distribution of major ground-water withdrawals, Ohio. (Sources: Withdrawal data from Eberle and McClure, 
1984; water-level data from U.S. Geological Survey files.)
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Figure 17. Location of surface-water sampling sites, water years 1977 through 1984, Colorado: A, Dissolved solids; 
B, Suspended sediment.
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Table 13. Number of surface-water sites yielding data potentially suitable for determining trends 
in selected constituent concentrations, water years 1977 through 1984, Colorado and Ohio

[Numbers in parentheses are percentages of the values in column A]

Constituent
Number of sites 
meeting Phase II 

criteria

B
Number of sites with data
potentially suitable for

determining trends 1

COLORADO

Dissolved solids - 
Suspended sediment- 
Dissolved oxygen  

993
217
486

OHIO

Dissolved oxygen---------
Total phosphorus         - 
Total-recoverable lead-  
Fecal-coliform bacteria- 
Suspended sediment-------

1,148
477
203
54

400

50 (5)
18 (8)
39 (8)

28 (2)
13 (3)
10 (5)
18 (33)
14 (4)

1 Sites with concurrent streamflow data and at least quarterly 
observations for selected constituents over 5 years.

Table 14. Number of ground-water sites yielding data potentially suitable for determining trends 
in selected constituent concentrations, water years 1972 through 1984, Colorado and Ohio

[Numbers in parentheses are the percentages of sites meeting Phase II criteria suitable for determining trends]

Constituent
Number of sites
meeting Phase II

criteria

OHIO

Number of sites with data
potentially suitable for

determining trends 1

Total-coliform bacteria--

COLORADO

2 C /* 1

577
72 

1,578

20
19

0 
0

CD
(3)
(0) 
(0)

Total-recoverable iron   - 
Total- recoverable 

manganese.

131 
132

300 
135

32 (24) 
30 (23)

14 (5) 
16 (12)

1 Sites with at least one observation per year collected over 5 years,

C40 Water-Quality Data Collection Activities in Colorado and Ohio
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Figure 19. Surface-water sites yielding data suitable for 
determining changes in water quality, water years 1977 
through 1984, Colorado: A, Dissolved solids; B, Suspended 
sediment.

Expenditures for water-quality data-collection activi 
ties in the Nation are large and difficult to estimate. In 
Colorado and Ohio, about $60 million was estimated to 
have been spent for laboratory analyses of water-quality 
samples in 1984. Laboratory costs represent only a part 
(generally less than 50 percent) of the total costs of 
water-quality data-collection programs. Assuming that

these costs are representative, on the order of $2.5 3.0 
billion is spent annually on water-quality data-collection 
activities in the United States.

The magnitude of funding for water-quality data- 
collection activities is not a reliable indicator of the quantity 
or usefulness of data for assessing regional and national 
water-quality conditions and trends. Most funding is for 
water-quality programs that have limited potential for 
producing data of the kind needed for regional-scale 
ambient assessment. For example, in 1984,45 percent of the 
estimated laboratory costs in Colorado and 72 percent of the 
costs in Ohio were for samples that represented effluent or 
treated water conditions rather than ambient stream or 
aquifer conditions.

Several key aspects of water-quality data-collection 
programs seem to be out of balance. For example, more than 
90 percent of the samples inventoried during the studies in 
Colorado and Ohio were from surface-water sources; less 
than 10 percent were from ground-water sources. The 
dominance of surface-water samples reflects both a greater 
use of surface water than of ground water in the two States 
and the knowledge that ground water moves and changes 
much more slowly than surface water. The level of effort 
focused on ground water may be modified in view of 
growing concerns about ground-water contamination. 
Another area of imbalance is the level of effort directed 
toward the determination of constituents relevant to the 
issue of toxic contamination. Of the samples meeting basic 
screening criteria in Colorado and Ohio, samples for the 
determination of priority pollutants, pesticides, and radio- 
chemicals amounted to only one-half of one percent of the 
samples in Colorado and five percent of those samples in 
Ohio. In contrast, most of the samples were analyzed for 
constituents and properties that are relevant to issues of 
long-standing concern, such as acidification, sanitary 
quality, salinity, and eutrophication.

There is an apparent imbalance in the spatial and 
temporal scales of water-quality assessment. Most of the 
sampling effort in Colorado and Ohio is directed toward 
small-scale, transient assessments that are useful in 
characterizing individual problem areas associated with 
known or suspected point and nonpoint sources of 
contaminants. There are large areas in both States where 
there is inadequate information to perform an unbiased 
assessment of regional surface- and ground-water quality 
conditions. Similarly, there are relatively few sites in either 
State where sufficient samples have been collected over a 
period of years so that changes in water quality can be 
quantified.
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EXPLANATION
> SAMPLING SITE
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\ 
50 100 KILOMETERS

Figure 20 (above and facing column). Surface-water sites 
yielding data suitable for determining changes in water quality, 
water years 1977 through 1984, Ohio: A, Dissolved oxygen; 
B, Total-recoverable lead; and C, Suspended sediment.

Another major implication of this study is the need 
for additional emphasis on field procedures by organi 
zations collecting water-quality data, especially collection 
of representative water samples. Improvements in this 
regard could result in a large increase in the amount of 
water-quality data suitable for water-quality assessments. 
Maintaining high quality-assurance standards in the 
laboratory is equally important, but there is little benefit 
from precise analyses if samples are unreliable.

Results of this study indicate the two most important 
screening criteria for determining whether water-quality 
data are potentially suitable for broad-scope assessments
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Figure 21 . Location of ground-water sampl ing sites with 5 or 
more years of data, water years 1972 through 1984, Colorado: 
A, Nitrate as nitrogen; B, Dissolved solids.

are: (1) Are (were) the data intended to represent ambient 
water conditions?, and (2) are (were) stream samples 
collected by a method that ensures that data are repre 
sentative of in-stream or in-aquifer conditions?

In spite of the criticisms of long-term water-quality 
sample-collection networks (U.S. General Accounting 
Office, 1981), for many constituents these networks are the 
only ones available with adequate data for regional-scale 
water-quality assessments. This is especially true if changes 
in water quality are to be detected. Even though many of 
these sites have water-quality samples collected only once

each month, the period of record is sufficiently long that the 
range of flows is generally well represented. The data are 
adequate to define not only the water quality at a site but 
also, in conjunction with synoptically collected data around 
a river basin, to describe general water quality and changes 
in water quality for many constituents in a basin.

Limitations on the usefulness of the data for broad- 
scope regional and national water-quality assessments 
became progressively apparent as the screening criteria 
were applied during the three phases of this study. In Phase 
I, programs that did not meet the Phase I screening criteria 
and the data those programs produced were eliminated from 
further evaluation. In Phases II and ffl, the amount of data 
was reduced further through screening steps. The elim 
ination of these programs and their data does not indi 
cate that data not meeting the screening criteria are not 
useful or that they do not meet the needs for which they 
were collected. Excluded data may be adequate to fulfill the 
requirements of the data-collection agencies, even though 
these data were judged inadequate for inclusion in a data 
base needed for broad-scope regional and national water- 
quality assessments.
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